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Where a person lives is not usually
thought of as an independent predictor of his or her
health, although physical and social features of plac-





Using data from the Atherosclerosis Risk
in Communities Study, we examined the relation be-
tween characteristics of neighborhoods and the inci-
dence of coronary heart disease. Participants were 45
to 64 years of age at base line and were sampled from
four study sites in the United States: Forsyth County,
North Carolina; Jackson, Mississippi; the northwest-
ern suburbs of Minneapolis; and Washington County,
Maryland. As proxies for neighborhoods, we used
block groups containing an average of 1000 people,
as defined by the U.S. Census. We constructed a sum-
mary score for the socioeconomic environment of
each neighborhood that included information about




During a median of 9.1 years of follow-up,
615 coronary events occurred in 13,009 participants.
Residents of disadvantaged neighborhoods (those
with lower summary scores) had a higher risk of dis-
ease than residents of advantaged neighborhoods,
even after we controlled for personal income, educa-
tion, and occupation. Hazard ratios for coronary heart
disease among low-income persons living in the most
disadvantaged neighborhoods, as compared with
high-income persons in the most advantaged neigh-
borhoods, were 3.1 among whites (95 percent confi-
dence interval, 2.1 to 4.8) and 2.5 among blacks (95
percent confidence interval, 1.4 to 4.5). These associ-
ations remained unchanged after adjustment for es-




Even after controlling for personal in-
come, education, and occupation, we found that living
in a disadvantaged neighborhood is associated with
an increased incidence of coronary heart disease.
(N Engl J Med 2001;345:99-106.)
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ODAY, where a person lives is not usually
thought of as an important predictor of his
or her health. Lifestyle and genetic explana-
tions for the causes of disease predominate.
Nevertheless, the neighborhoods where people live





 The socioeconomic environment of neigh-





 as well as to health-related be-





 The relation between the characteristics
of a neighborhood and health outcomes appears to be





 This suggests that attributes of neigh-
borhoods themselves may be important to health.
A variety of characteristics of neighborhoods, in-
cluding the availability of resources and services to
promote or maintain healthy lifestyles as well as the
physical and social environment, may be related to
cardiovascular risk. Although studies have suggested
that neighborhood characteristics may be related to
the prevalence of, risk factors for, and mortality due




 the extent to which
neighborhood characteristics are related to the inci-
dence of coronary heart disease has not been estab-
lished. We examined the relation of neighborhood
characteristics to the incidence of coronary heart dis-
ease (indicated by the occurrence of coronary events)





Study Population and Study Variables
 
The Atherosclerosis Risk in Communities Study is a prospec-
tive investigation of atherosclerosis in four U.S. communities:
T
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Forsyth County, North Carolina; Jackson, Mississippi; the north-
western suburbs of Minneapolis; and Washington County, Mary-
land. The cohort was composed of 15,792 persons 45 to 64 years




Virtually all of the subjects from Washington County and the sub-
urbs of Minneapolis were white. Eighty-five percent of the subjects
from Forsyth County were white. All of the subjects from Jackson
were black. The base-line examination took place between 1987
and 1989. Follow-up examinations were carried out every three
years, and participants were contacted annually by telephone be-
tween visits to the clinic.
Participants were linked to their neighborhood of residence by
their home address at base line. Census-block groups, which are sub-





 were used as proxies for neighborhoods. A summary neighbor-
hood score was used as the main indicator of the socioeconomic
environment of the neighborhood.
The variables used in the construction of the neighborhood score
were selected on the basis of factor analyses of data from census-
block groups. Factor analysis is a statistical technique that can be
used to determine which variables out of a large set (for example,
out of a large set of socioeconomic indicators obtained from the
Census) can be meaningfully combined into a summary score. Six
variables representing the dimensions of wealth and income (log of
the median household income; log of the median value of housing
units; and the percentage of households receiving interest, dividend,
or net rental income), education (the percentage of adults 25 years
of age or older who had completed high school and the percent-
age of adults 25 years of age or older who had completed college),
and occupation (the percentage of employed persons 16 years of
age or older in executive, managerial, or professional specialty oc-
cupations) were combined into the neighborhood summary score.
For each variable, a z score for each block group was estimated by
subtracting the overall mean (across all block groups in the sam-
ple) and dividing by the standard deviation. The z score reflects the
deviation of the value from the mean. For example, a score of 2.0
for the log of the median household income for a given block group
means that the value for that block group is 2 SD above the over-
all mean; a value of –2.0 is 2 SD below the mean. The neighbor-
hood summary score was constructed by summing the z scores
for each of the six variables. For example, if z scores for the six
variables for a given block group were 1.0, 1.5, 1.8, 2.0, 1.9, and
1.8, then the neighborhood score for that block group would be
10.0. Neighborhood scores for block groups in the sample ranged
from –11.3 to 14.4, with an increasing score signifying an increas-
ing neighborhood socioeconomic advantage.
Subjects of each race were divided into three roughly equal
groups according to the summary socioeconomic scores for their
neighborhoods. Neighborhood characteristics for these groups are
shown in Table 1. Over 80 percent of the members of the cohort
continued to live in the same block group six years after base line.
For those who had moved, correlations between base-line and fol-
low-up measures of the neighborhood score and its components
were in the range of 0.4 to 0.6.
Information on personal income, education, and occupation was
obtained from each member of the cohort during the base-line
interview. Participants selected their total combined family income
from eight categories (under $5,000; $5,000 to $7,999; $8,000
to $11,999; $12,000 to $15,999; $16,000 to $24,999; $25,000
to $34,999; $35,000 to $49,999; and $50,000 or more). Approx-
imately 6 percent of study participants did not provide informa-
tion on income, and their data were coded as a separate category.
The level of education attained was classified as high school not
completed, high school or general equivalency diploma completed,
one to three years of college, four years of college completed, and
some graduate or professional school. Information on the current
or most recent occupation was collected for employed, unemployed,
and retired participants. Occupations were coded according to the
criteria of the 1980 U.S. Census and categorized according to six
occupational groups: executive, managerial, and professional; tech-
nical, sales, and administrative support; service; farming, forestry,
and fishing and precision production, craft, and repair; operators,




 Information on income
was updated at the six-year follow-up examination.
Coronary events were ascertained by contacting participants an-
nually by telephone, by conducting follow-up examinations, and
by surveying discharge lists from local hospitals and death certif-




 Data from all hospi-
talizations were abstracted according to standard criteria. Death
certificates were obtained, and for most deaths that did not occur
 
*The lowest group corresponds to the most disadvantaged neighborhoods, and the highest group corresponds to the most advantaged
neighborhoods. The method of calculating the neighborhood score is described in the Methods section.






























































































































































No. of study participants 3,085 3,148 3,209 1,247 1,150 1,170
No. of neighborhoods 137 126 126 49 71 86
Median neighborhood score ¡0.8 2.2 5.8 ¡7.2 ¡4.1 0.9
Median household income ($)† 29,100 36,500 47,200 11,100 17,200 30,000
Median value of housing units ($)† 70,900 85,600 103,100 33,000 39,500 54,000
Households with interest, dividend, 
or rental income (%)
36 50 62 4 13 20
Adult residents who completed high 
school (%)
70 84 93 48 62 80
Adult residents who completed college (%) 9 18 38 7 14 30
Employed residents with executive, mana-
gerial, or professional occupations (%)
16 27 41 13 18 32
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in a hospital, additional information was obtained from the next of
kin and from the physician. Coroners’ and autopsy reports, when
available, were used for validation.
A coronary event was defined as a validated definite or probable
myocardial infarction for which the patient was hospitalized, a
death due to coronary heart disease, or an unrecognized new myo-
cardial infarction. The criteria for definite or probable myocardial
infarction were based on combinations of chest pain, electrocardio-




 The criteria for
definite fatal coronary heart disease were based on chest pain, the
underlying cause of death on the death certificate, and other as-





myocardial infarction was defined by the appearance, between the
first and subsequent examinations, of a major Q wave or a minor





 and confirmed by side-by-side visual
comparison of electrocardiograms. Persons who determined the
occurrence of an event were unaware of the hypothesis being in-
vestigated. Events that occurred through December 31, 1997, were
included in these analyses. The median follow-up was 9.1 years,
and the maximal follow-up was 11.1 years.
For each participant, information on cardiovascular risk factors
(smoking status, the level of physical activity, diet, plasma levels
of low-density and high-density lipoprotein cholesterol, the pres-
ence or absence of hypertension, body-mass index [the weight in
kilograms divided by the square of the height in meters], and the
presence or absence of diabetes) was obtained from the base-line




 The level of physical activity





 The dietary intake of saturated fat, polyunsaturated fat,




Persons were classified as having diabetes if they had fasting plasma
glucose levels of 126 mg per deciliter or more, if they had non-
fasting plasma glucose levels of 200 mg per deciliter or more, or
if they reported having diabetes. Persons were classified as having
hypertension if they had a systolic blood pressure of 140 mm Hg
or more, if they had a diastolic blood pressure of 90 mm Hg or
more, or if they were taking antihypertensive medication. Infor-
mation on smoking, blood lipids, body-mass index, hypertension,
and diabetes was also obtained at the three-year and six-year fol-
low-up examinations. Information on diet and physical activity was
updated at the six-year follow-up examination.
Of the 15,792 participants at base line, 14,158 were linked to
block-group data. Ninety-eight participants who were neither white
nor black or who were black and living in the suburbs of Minne-
apolis or in Washington County were excluded, because small num-
bers made analyses for these groups unreliable. Fifty-seven partici-
pants were excluded because information on education, information
on occupation, or follow-up information was unavailable. After the
exclusion of 994 participants with preexisting coronary heart dis-
ease (electrocardiographic signs of a previous myocardial infarction
or a history of physician-diagnosed myocardial infarction, coronary
heart surgery, or balloon angioplasty) or unknown disease status
at base line, 13,009 participants in 595 block groups (with a me-
dian of 16 participants per block group) were available for analy-
sis. Adjusted analyses of risk factors at base line were limited to
12,243 participants because of missing data on risk factors. The
study was approved by the institutional review board at each site.




Because of large differences in the distribution of neighborhood
characteristics, analyses were performed separately for blacks in
Jackson and Forsyth County and for whites in Washington County,
Forsyth County, and the suburbs of Minneapolis. Base-line values
for neighborhood characteristics and personal socioeconomic in-
dicators were compared with the use of linear and logistic regres-





 Incidence rates were calculated by dividing the num-
ber of events by the person-years of follow-up within race-specific
groups of participants defined according to the neighborhood score.
Incidence rates were adjusted for age at base line and for study site




 Patterns were consistent across
all components of the neighborhood score, so only results for the





used to obtain hazard ratios for coronary heart disease according
to the three groups of neighborhood scores after adjustment for
personal indicators of social position (income, education, and oc-
cupation) and after additional adjustment for cardiovascular risk fac-
tors. We performed tests for trend by introducing neighborhood
groups defined according to summary scores (lowest, intermediate,




The combined effects of neighborhood characteristics and per-
sonal socioeconomic status were examined by estimating incidence
rates (and hazard ratios) for nine cross-classified categories of neigh-
borhood score and personal income. For these analyses, annual
income in each racial group was categorized as less than $25,000
(25 percent of the sample), $25,000 to $49,999 (43 percent), and
$50,000 or more (32 percent) for whites and as less than $8,000
(26 percent), $8,000 to $24,999 (43 percent), and $25,000 or
more (31 percent) for blacks. In order to account for potential
within-neighborhood correlations in outcomes, models were run









A total of 615 coronary events occurred during
the follow-up period in the 13,009 participants. Age-
adjusted incidence rates of coronary heart disease were
7.3 per 1000 person-years among white men, 2.8 per
1000 among white women, 8.0 per 1000 among black
men, and 4.5 per 1000 among black women. Partic-
ipants in whom disease developed were generally more
likely to live in disadvantaged neighborhoods (those
with lower summary scores) than those in whom dis-
ease did not develop (Table 2). Persons in whom cor-
onary disease developed also tended to have lower
levels of income and education and were less likely to
have executive, managerial, or professional occupations
than those in whom coronary disease did not develop
(Table 2). All risk factors investigated, such as smok-
ing and hypertension, were generally associated with
an increased incidence of coronary heart disease (da-
ta not shown).
The incidence of coronary heart disease generally
decreased with increasing neighborhood scores (Ta-
ble 3). Although associations of the neighborhood
score with incidence were reduced after adjustment for
personal socioeconomic indicators (Table 4), differ-
ences between the most disadvantaged and the most
advantaged neighborhood categories remained. Living
in the most disadvantaged group of neighborhoods,
as compared with the most advantaged group, was
associated with a 70 to 90 percent higher risk of cor-
onary disease in whites and a 30 to 50 percent higher
risk in blacks.
Persons living in disadvantaged neighborhoods of-
ten had more unfavorable risk-factor profiles for cor-
onary heart disease than those in more advantaged
neighborhoods (data not shown). However, the dif-
ferences were often small (and sometimes absent) af-
ter we controlled for personal socioeconomic indica-
Downloaded from www.nejm.org at UNIV MICHIGAN TAUBMAN MED LIB on October 30, 2003.



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Downloaded from www.nejm.org at UNIV MICHIGAN TAUBMAN MED LIB on October 30, 2003.
Copyright © 2001 Massachusetts Medical Society. All rights reserved.
NEIGHBORHOOD OF RESIDENCE AND INCIDENCE OF CORONARY HEART DISEASE
N Engl J Med, Vol. 345, No. 2 · July 12, 2001 · www.nejm.org · 103
tors (which were also generally inversely associated
with cardiovascular risk-factor levels). We observed
more unfavorable risk profiles in more advantaged
neighborhoods with respect to plasma levels of low-
density lipoprotein and high-density lipoprotein cho-
lesterol in black men and for the work component
of the physical-activity index in white men in both
unadjusted analyses and those that controlled for per-
sonal socioeconomic indicators. The addition of car-
diovascular risk factors to regression models already
containing personal socioeconomic indicators had lit-
tle effect on the relation between neighborhood char-
acteristics and the incidence of coronary heart disease
(Table 4). We obtained similar results when we includ-
ed risk factors and personal income as time-dependent
covariates (data not shown).
Both neighborhood characteristics and personal
income were independently associated with the inci-
dence of coronary heart disease (Fig. 1). Overall, in
whites, the neighborhood score was inversely associ-
ated with the risk of disease in all categories of person-
al income, and income was inversely associated with
risk in all three neighborhood groups. Similar patterns
were observed in blacks, but analyses were limited by
small samples. Hazard ratios for coronary events for
low-income persons in the group of neighborhoods
with the lowest scores as compared with high-income
persons in the group of neighborhoods with the
highest scores were 3.1 in whites (95 percent confi-
dence interval, 2.1 to 4.8) and 2.5 in blacks (95 per-
cent confidence interval, 1.4 to 4.5). These patterns
were similar after adjustment for changes in income
between base line and the six-year follow-up exami-
nation (data not shown).
DISCUSSION
The relation between the incidence of coronary
heart disease and socioeconomic factors has been doc-
umented repeatedly.28 Our findings demonstrate the
additional contribution of the neighborhood of res-
idence to the risk of coronary heart disease. Coronary
heart disease was more likely to develop in persons
living in the most disadvantaged group of neighbor-
hoods than those living in the most advantaged group,
even after we controlled for personal socioeconomic
indicators. We minimized the possibility of residual
confounding by socioeconomic position by simulta-
neously adjusting for income, education, and occu-
pation, each divided into multiple categories.
Previous studies have documented geographic vari-
ations in mortality due to coronary heart disease,29-32
but the areas examined have often been large. In ad-
dition, because areas rather than individual persons
were the units of analysis in these studies, it is diffi-
cult to determine whether geographic variations are
due to differences among the residents of various ar-
eas or to characteristics of the areas themselves. The
availability of Census data linked to personal data al-
lowed us to examine directly whether the character-
istics of smaller areas (akin to neighborhoods) are
related to the risk of disease independently of the at-
tributes of individual persons.
Neighborhood characteristics could contribute to
the development and persistence of established risk
factors. Thus, risk factors may be thought of as medi-
ators (rather than confounders) of the effects of neigh-
borhoods. Neighborhoods may differ in the amount
of tobacco advertising33,34 and in the availability and
cost of healthful foods.35-37 Individual behavior may, in
turn, influence the neighborhood, making both fac-
tors mutually reinforcing.38 Differences among neigh-
borhoods in the physical environment, in the avail-
ability and quality of public spaces and recreational
facilities, and in perceived safety may affect patterns
of physical activity.39,40 Social norms may emerge and
exert their effects in neighborhoods, influencing
health-related behavior. Living in various types of
neighborhoods may be associated with exposure to
sources of chronic stress (such as noise, violence, and
poverty itself ) and to sources of social support, both
of which may be linked to the risk of cardiovascular
disease.41,42
We did document some differences (albeit often
small) among neighborhoods in established risk factors
for cardiovascular disease after controlling for personal
socioeconomic status. However, additional adjustment
for these risk factors did not substantially alter our
estimates of differences in the incidence of coronary
heart disease among neighborhoods. The failure of
risk factors to explain differences in the risk of car-
*Incidence rates have been adjusted for study site and age at base line in
five-year categories with the use of Poisson regression. CI denotes confi-
dence interval.
†Neighborhood groups correspond to three race-specific groups of neigh-
borhoods defined according to summary socioeconomic scores. Group 1
(scores in the lowest third) corresponds to the most disadvantaged neighbor-
hoods, and group 3 (scores in the highest third) corresponds to the most
advantaged neighborhoods.
TABLE 3. INCIDENCE OF CORONARY EVENTS
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diovascular disease among socioeconomic groups is a
common finding, even in studies focusing on tradi-
tional measures of personal income, education, and
occupation (which are often strongly associated with
risk factors).28 Errors in the measurement of risk fac-
tors remain a possibility. Unaccounted-for interactions
between risk factors (or between risk factors and un-
measured characteristics, such as psychosocial factors
related to neighborhood characteristics) may play a
part. Alternatively, mediating mechanisms that do not
involve established risk factors may be involved. How-
ever, the method of investigating whether a set of fac-
tors mediates an observed effect by comparing esti-
mates before and after adjustment has limitations.43
Therefore, we caution against concluding that the risk
factors we investigated (or the interactions involving
these risk factors) do not mediate any part of the dif-
ferences among neighborhoods that we observed. The
causal chains involved are likely to be complex.
Effects of neighborhoods were observed in both
*Neighborhood groups correspond to three race-specific groups of neighborhoods defined accord-
ing to summary socioeconomic scores. Group 1 (scores in the lowest third) corresponds to the most
disadvantaged neighborhoods, and group 3 (scores in the highest third) corresponds to the most ad-
vantaged neighborhoods. Group 3 served as the reference group in all comparisons.
†Income was categorized as less than $5,000, $5,000 to $7,999, $8,000 to $11,999, $12,000 to
$15,999, $16,000 to $24,999, $25,000 to $34,999, $35,000 to $49,999, $50,000 or more, or miss-
ing (6 percent of the sample). Level of education was categorized as high school not completed, high
school or general equivalency diploma completed, one to three years of college completed, four years
of college completed, and some graduate or professional school. Occupation was categorized as ex-
ecutive, managerial, and professional; technical, sales, and administrative support; service; farming,
forestry, and fishing and precision production, craft, and repair; operators, fabricators and laborers;
and homemakers.
‡Risk factors included smoking status (current, former, and never), Keys score, indexes of physical
activity (leisure, sport, and work), presence or absence of hypertension, presence or absence of dia-
betes, serum levels of low-density lipoprotein and high-density lipoprotein cholesterol, and body-
mass index. Keys score, indexes of physical activity, levels of low-density lipoprotein cholesterol, levels
of high-density lipoprotein cholesterol, and body-mass index were included as continuous variables.
§Interactions between sex and neighborhood groups were not statistically significant (P=0.2 for
whites and P=0.6 for blacks).
TABLE 4. HAZARD RATIOS FOR CORONARY HEART DISEASE ACCORDING TO RACE-SPECIFIC 
GROUPS OF NEIGHBORHOOD SCORES BEFORE AND AFTER ADJUSTMENT FOR PERSONAL 
SOCIOECONOMIC INDICATORS AND BASE-LINE RISK FACTORS.
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racial groups, despite the fact that blacks were drawn
from significantly more disadvantaged neighborhoods
than whites — a fact that limited the range of neigh-
borhood environments that could be examined. In
previous cross-sectional analyses, we documented an
unexpectedly low prevalence of coronary heart dis-
ease among black men living in the most disadvan-
taged neighborhoods.13 This pattern was not apparent
for the incidence of coronary heart disease, although
associations with the neighborhood score were weak-
er and less consistent in blacks than in whites. These
differences should be interpreted with caution, given
the differences in sample size and in the range of
neighborhood scores (and personal socioeconomic
indicators) investigated in both groups.
Important strengths of our study include its pop-
ulation-based nature and the availability of detailed
and validated information on coronary outcomes and
risk factors. However, nearly 90 percent of the sam-
ple of black subjects was drawn from a single south-
ern city, which may limit the generalizability of our
results to blacks in other areas. Whites were drawn
from three diverse regions, but the sample did not
include persons living in large urban areas. Thus, our
findings need to be confirmed in samples from other
geographic regions. Differences in the geographic
areas from which blacks and whites were drawn also
limit the comparisons between races.
Another limitation of our study is the use of block
groups as proxies for neighborhoods. The neighbor-
hood socioeconomic score was used as an indirect
marker of a variety of specific attributes of neighbor-
hoods that may affect the risk of cardiovascular dis-
ease. It is striking that we observed associations even
with these crude proxies. Changes over time in the
neighborhood of residence may have hampered our
ability to estimate the effects of neighborhoods. How-
ever, the areas of residence of the members of our
cohort were relatively stable. Only 18 percent of our
subjects had moved six years after the base-line ex-
amination, and for those who had moved, correlations
between the base-line and follow-up measures of the
neighborhood score were relatively high.
The finding that neighborhood characteristics are
related to the incidence of coronary heart disease sug-
gests that strategies for disease prevention may need to
combine person-centered approaches with approach-
es aimed at changing residential environments. More
generally, our findings point to the role of the broad-
er social and economic forces that generate differenc-
es among neighborhoods in shaping the distribution
of health outcomes. At a time of growing economic
segregation of residential areas,44,45 differences among
places may become even more relevant to explana-
tions of disparities in health.
Supported by a grant (R29 HL59386, to Dr. Diez Roux) from the Na-
tional Heart, Lung, and Blood Institute. The Atherosclerosis Risk in
Communities Study was supported by contracts (N01-HC-55015, N01-
HC-55016, N01-HC-55018, N01-HC-55019, N01-HC-55020, N01-HC-
55021, and N01-HC-55022) with the National Heart, Lung, and Blood
Institute.
We are indebted to the staff and participants in the Atherosclerosis
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Figure 1. Incidence Rates of Coronary Heart Disease, Adjusted
for Age, Study Site, and Sex According to Race-Specific Groups
of Neighborhoods, Defined According to Summary Socioeco-
nomic Scores, and According to Personal Income in Whites and
Blacks.
Group 1 (scores in the lowest third) corresponds to the most
disadvantaged neighborhoods, and group 3 (scores in the high-
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